Background and objectives: Gestational Diabetes Mellitus is associated with derangement of hormones, metabolites, and growth factors in maternal and fetal circulation which may influence the development and function of the placenta. The aim of this study were to compare oxidative stress and antioxidant system markers in GDM patients and normal subjects, and to determine the relationship between oxidative stress and GDM
INTRODUCTION
enzymes are reduced enabling OS and damage to the membrane lipids resulting in lipid peroxidation (LP). Under hyperglycemia as in GDM there is an increased concentration of LP products and insulin resistance leading to endothelial dysfunction, characteristic feature of GDM. Recent evidence suggests the involvement of OS biomarkers such as superoxide dismutase (SOD) activity, glutathione peroxidase (GPx) and catalase (CAT) expressions makes a confirmation of the OS in the cellular level [16] . So far GDM cases are been studied more enough with the blood samples. Biochemical and immunohistochemical (IHC) study of GDM placental tissue is seemed to be less in literature though normal fetal growth and development depend largely on placental function. Generally the terminal villi (TV) of placenta are the final branches which establish the fetal contact for maternal circulation [17] . Morphologically and histologically, GDM placenta shows a variety of cellular changes, which when added with the OS shows conspicuous alterations in TV and fetal blood vessels [18] . The aim of the present work is to investigate amount of OS in the placental tissues of GDM and control pregnancies through biochemical and IHC using OS markers.
Gestational diabetes mellitus (GDM) is a metabolic complication of pregnancy, and is associated with increased rates of perinatal complications. It is a heterogeneous disorder involving a combination of factors responsible for decreased insulin sensitivity and inadequate insulin secretion. Additionally, studies have shown that both women diagnosed as GDM and their offspring are at an increased risk for developing type-2 diabetes mellitus (DM) in later life [1] [2] [3] . Women with GDM develop an increased severity of insulin resistance which can disrupt the intrauterine milieu, leading to abnormal foetal growth [4] . In GDM, glucose tolerance and metabolism as well as insulin resistance are altered, and the pathophysiologic mechanisms underlying these changes are not completely understood. However, underlying pathophysiology of GDM in most instances is similar to that of type-2 DM, where the increased insulin resistance is converted into maternal hyperglycemia. The two main pathological mechanisms known to induce GDM involve the biochemical pathways leading to insulin resistance and chronic subclinical inflammation [5] . It has been suggested that prolonged stimulation of acute and chronic inflammation may be involved in the pathogenesis of insulin resistance [7] . Oxidative stress (OS) is a universal phenomenon in pregnancy and do occur the same in GDM [8, 9] . It is an imbalance between total free radical production or reactive oxygen species (ROS) and the body's ability to remove them via its antioxidant systems [10, 11] . In normal pregnancies, ROS are removed periodically by antioxidants and therefore the standard levels are maintained throughout the pregnancy [12, 13] . While in GDM due to hyperglycemia, production of ROS are increased and in there arise the imbalance of free radical and antioxidant system of the body thereby resulting in OS [14, 15] . In normal state, oxygen free radicals damaging the normal cells are controlled by the enzymes such as superoxide dismutase (SOD), glutathione peroxidise (GPx), Catalase (CAT), vitamins C and E. In GDM, the levels of these
MATERIALS AND METHODS
Placental tissue samples were obtained from 96 pregnant women (48 normal and 48 with GDM) who delivered full term (age group between 21-39), singleton live births at the time of term caesarean section. GDM women were identified if they had two or more blood glucose values greater than or equal to the defined threshold levels (fasting, e"95 mg/dL; 1 hour, e"180 mg/dL; 2 hours, e"155 mg/dL; and 3 hours, e"140 mg/dL) on a 100-g oral glucose tolerance test (OGTT) [19] . The exclusion criteria were T1DM, combined DM and hypertensions, positive venereal disease, severe anaemia were excluded from the study. [20] . Estimation of lipid peroxidation: The extent of LP in tissues was assessed by measuring the level of malondialdehyde (MDA) according to the method of Ohkawa et al. [21] . Briefly, the reaction mixture containing 1 ml of trichloroacetic acid (15%) and 2 ml of thiobarbituric acid (0.38%) were added to 1ml (10%) tissue homogenate. The reaction mixtures were heated for 50 min at 90 o C, cooled and centrifuged at 6500 rpm for 20 min. The absorbance of supernatant was spectrophotometrically measured at 532 nm against blank, which contained all reagents except placental tissue homogenate. MDA results were expressed as µmol/l. Estimation of SOD: The SOD activity was measured spectrophotometrically (420nm) using the method designed by Ahmed et al [22] . According to this assay, the activity of cytosolic SOD was determined by monitoring the auto-oxidation of pyrogallol (0.2mmol/L). One unit of SOD activity is defined as the amount of enzyme required to inhibit the rate of pyrogallol auto-oxidation by 50%. SOD activity in placental tissues was measured from the time dependent inhibition of pyrogallol and expressed as units per milligram of protein (U/mg). Estimation of GPX: Glutathione peroxidase (GPX) activity was measured by the method of Paglia and Valentine [23] . The enzymati reaction was initiated by adding H 2 O 2 to the reaction mixture containing reduced glutathione, reduced nicotinamide adenine dinucleotide phosphate and glutathione reductase. The change in the absorbance at 340nm was moni- (Fig.1) . The control placental sections stained with anti-GPX shows the weak positivity in placental villi but it was stronger DAB reactivity was in blood cells present in both the villi and maternal or intervillous space. In contrast, the GDM placental villi sections showed strong DAB reactivity in villous mesenchyme and blood vessels (score 2+). In addition the blood cells in PV and IV space also showed the strong DAB positivity (score 2+) (Fig.3) .
26.1±2.02U/mg of protein for control group (Tab.1). IHC placental tissue activity: GDM placental villi (PV) stained with SOD-1 showed the low positivity (score 1+). Mesenchyme of terminal villi showed less DAB reactivity but was greatly increased in blood cells of fetal blood vessels and blood cells of intervillous (IV) or maternal space (score 2+). Here and there the larger stem villi showed low positivity (1+). The control PV showed mild DAB reactivity (either score 1+ or 0) but positivity (score 1+) was seen in blood cells of IV space and mesenchyme of stem villous (score 1+) but not in fetal vessel or cells (score 0) (Fig.2 ) Fig.3a-d: Immunoperoxidase staining of formalin fixed, paraffin embedded human placental tissues showing the localization of GPX-1. The staining was developed using HRP-DAB detection method and the sections were further counterstained with hematoxylin. a&b: control placental sections (100x&400x respectively) generated a weak expression in placental villi but stronger staining were observed in blood cells of both villi and intervillous space. c&d: GDM placental sections (100x&400x respectively) showed strong staining pattern in mesenchyme, blood vessels and blood cells in villi and intervillous space. 100x Scale bar=137µ and 400x Scale bar=35µ
DISCUSSION
The placenta is a rich source of oxidants and antioxidants [27] . The increased metabolic activity in the mitochondria of the placenta generates ROS and superoxide generation from NADPH oxidase. The placenta is also capable of inducing protective enzymatic and non-enzymatic scavengers against these free radicals.
The placenta provides the interface of the maternal and fetal circulations, and it may play a crucial role in protecting the fetus from adverse effects of the maternal diseases, whereas disturbances in placental function may exacerbate this state [28] . OS is the steady state level of oxidative damage in a cell, tissue or organ, caused by ROS. Most ROS come from endogenous sources exist in biological cells and tissues at low but measurable concentrations. Their concentrations are determined by the balance between their rates of production and clearance by various antioxidant compounds and enzymes [29] . In a normal healthy human body, the generations of ROS are effectively kept in check by the antioxidant defense mechanism. In GDM there is an excess amount of glucose in maternal blood. This excess amount of maternal blood glucose and depleted antioxidant defense system in GDM [30] creates an imbalance in the pro & anti-oxidant status leading to an increased generation of end products of LP like Malondialdehyde (MDA). Also toxic oxygen free radicals and reactive non-radical species have been implicated to the formation of advanced glycation end products (AGEs), may be a major contributor to the pathological manifestations of DM. The present study revealed the biochemical and IHC indices of oxidative damage and antioxidant status in placenta of GDM and control. This study showed the MDA increased extremely (p<0.0001) in GDM than control, resultant due to the increased OS which are in agree with previous findings [29, [31] [32] [33] [34] [35] .
In a study conducted in placental tissues of normal healthy pregnancies MDA levels were reported to be decreased in the second and third trimester [36] . As a physiological phenomenon there is an increased OS during the first trimester which in course of the pregnancy, in the third trimester, is decreased [37] . In complicated pregnancies such as GDM, OS continues till the delivery because of the imbalance of the antioxidant system of the body [38] , as reported in the present study. The present study showed a significant increase in the placental GPX activity in GDM group than the control whereas significant decrease was observed in placental SOD in GDM as compared to the controls. This study revealed a significant fall in SOD levels, which could be due to excessive oxidative stress. Decrease in SOD levels can result not only an increase in the superoxide-free radical but also an elevation of other ROS and intensification of lipid peroxidation processes in diabetes [39, 40] . In immunohistochemical staining, the placental erythrocytes or blood cells showed the positivity of DAB reactivity (score 2+) indicated the occurrence of OS in GDM women than the non-diabetic pregnant women [13, 40] . Since the placenta, itself as a protective organ for the fetus could act as oxidative barrier against the antioxidant depletion can be cause for the low positivity if SOD in the placental villi [41] . Biochemical and IHC analysis of the present study revealed the severe OS and the poor antioxidant capacity and thrive for the balance in the antioxidant system in GDM placental tissues. GDM is linked with fetal macrosomia [42] , endothelial dysfunction associated with dyslipidemia, also known as hypertriglyceridemia, a positive correlation between maternal triglycerides and neonatal body weight [43] [44] [45] .
In conclusion, alterations in placental tissue SOD, GPX and MDA in GDM patients indicate the depletion of antioxidant mechanism and prognosis of oxidative stress that may be important in the pathophysiology of GDM. Therefore, estimations of these antioxidant enzymes might be used as marker in the management of glycemic control and reducing diabetic complications. Thus, additional clinical trials with larger populations are needed to replicate the results of this study.
